Moreover, our findings support the concept that LBP enhances the effects of LPS on cytokine production by
phase response. LBP consequently potentiates the LPSpositive LAL assay and/or positive microbiological culture induced production of proinflammatory cytokines such for Gram-negative bacteria were classified as 'Gram-negative as tumour necrosis factor ( TNF )-a, interleukin (IL)-peritonitis/LPS-positive' whereas patients with a negative 1b and IL-6. LAL assay and a positive microbiological culture for Gram- The differentiation antigen CD14 exists in a mem-positive bacteria were classified as having 'Gram-positive brane-bound (mCD14) and at least one soluble form peritonitis'. Patients with a negative LAL test and a negative (sCD14). Soluble CD14 is capable of mediating endo-bacteriological culture were not included. In one case, toxin effects on cells that do not express the CD14 Candida albicans was cultured from the dialysate, but these surface receptor such as endothelial cells [5] . On the data were also not included.
Intraperitoneal levels of LPS was measured using the other hand, there is accumulating evidence that soluble commercially available limulus amebocyte lysate (LAL) assay CD14 has also endotoxin neutralizing capacities and (BioWhittaker, Serva) as described elsewhere [11] [12] [13] .
may protect the organism from uncontrolled cell Briefly, 50 ml of CAPD effluent solution were diluted with activation by reducing LPS-induced monocyte activa-50 ml LAL reagent water, added to 100 ml of LAL reagent tion [6, 7] . and incubated for 10 min at 37°C; 100 ml of substrate solution Serum levels of LBP and sCD14 have been measured was added and incubated for 6 min at 37°C. The reaction in some studies including haemodialysis patients [8, 9] . was stopped and optical density was read at 405 nm. On the other hand, it has not yet been examined whether these host mediator proteins can also be Enyme-linked immunoassays detected within the peritoneal fluid of CAPD patients. The aim of the present study was to investigate whether The intraperitoneal concentrations of tumour necrosis factor-LBP and sCD14 can also be detected in the effluents alpha ( TNF-a), interleukin 6 (IL-6), interleukin 1-beta (ILof CAPD patients with peritonitis and whether LBP is 1b), and soluble CD14 (sCD14) were measured using compresent in Gram-positive infections. In addition, we mercially available specific enzyme-linked immunoassays Samples were taken under sterile conditions from the first Results bag suspicious for peritonitis after an overnight dwell prior to intraperitoneal administration of antibiotics. The dwell time ranged from 7 to 10 h. The dialysate was centrifuged at The clinical characteristics of the evaluated CAPD 150 g for 10 min at 4°C. The cell-free supernatant was patients are presented in Table 1. aliquoted aseptically, transferred to sterile, endotoxin-free In our CAPD patients (n=31), peritonitis was tubes, and stored at −20°C until further analysis.
caused by Gram-positive bacteria in 58% (n=18) and by Gram-negative bacteria in 25.8% (n=8). The LAL Limulus amebocyte lysate assay assay showed positive in each peritoneal effluent with a Gram-negative bacterial infection. The CAPD Patients with CAPD-associated peritonitis were divided into effluents of five patients remained culture-negative, but two groups (Gram-positive and Gram-negative/LPS-positive) exhibit a positive LPS-reaction (16.1%). The results of based on the presence of bacterial lipopolysaccharide in the the microbiological culture are given in Table 2 . Mean dialysis effluent, and the results of the Gram stain and the endotoxin concentrations were 280±90 pg/ml (range microbiological culture respectively.
40-990 pg/ml, n=13). The LAL assay was negative in
The LAL assay is reported to be an useful method for the detection of Gram-negative bacteria in CAPD peritonitis all patients in which the bacteriological culture revealed a Gram-positive infection and also in the control group with sterile effluents. ( Table 4 ). Moreover, significantly higher amounts of LBP could be found in effluents of CAPD patients with Gram-negative peritonitis as compared with
Intraperitoneal cytokine concentrations
Gram-positive bacterial infection (P<0.05). The differences of the intraperitoneal sCD14 concenLevels of TNF-a, IL-1b and IL-6 were determined in trations in patients with Gram-positive and Gramthe dialysis effluents of patients with Gram-positive (n=18) and Gram-negative/LPS-positive CAPD peritonitis (n=13) and compared to CAPD patients with- Table 4 . Levels of lipolysaccharide-binding protein (LBP) and solout peritoneal infection (n=20). The respective uble (s)CD14 in CAPD effluents cytokine concentrations are listed in Mean values and standard deviations of the mean are given.
Intraperitoneal LBP and sCD14 levels *Statistical significant difference (P<0.05) between Gram-positive and Gram-negative peritonitis; +between peritonitis and controls.
CAPD-associated peritonitis was accompanied by a 1This group includes CAPD effluents with a positive LAL assay for bacterial endotoxin and/or a positive Gram-negative culture.
significant increase in the intraperitoneal levels of LBP Table 4 .
be upregulated by addition of IL-6 while IL-1b and TNF-a had a synergistic effect [23] . Thus LBP synthesis Discussion seems to involve indirect mechanisms like cytokine release after cellular activation by Gram-positive and Gram-negative bacteria. It has been previously The present study examined whether LBP and sCD14 are present in the dialysis effluents of patients with reported that chronic renal failure per se is associated with high serum levels of LBP even in the absence of CAPD-associated peritonitis. It could be shown that (1) LBP is significantly elevated in dialysis effluents infection [8, 24] . Our data show that, in dialysis effluents, bacterial infection leads to a significant increase from patients with peritonitis as compared to noninfected CAPD patients, (2) increased levels of LBP in the LBP concentration as compared to dialysate from non-infected controls. A possible explanation of are detectable in the dialysis effluents in the setting of both Gram-negative and Gram-positive bacterial peri-this phenomenon might be that serum LBP, produced as part of the hepatic acute-phase response during tonitis, and (3) the release of the proinflammatory cytokines TNF-a, IL-1b and IL-6 is significantly inflammation, is also detectable intraperitoneally due to diffusion from the serum. Peritoneal transport of enhanced in the dialysis effluents of patients with bacterial peritonitis as compared to non-infected con-plasma proteins is generally known to be increased during inflammatory processes as peritonitis. trols. Interestingly, Gram-negative/LPS-positive intraperitoneal infection also led to a significantly higher
In the present study the endotoxin concentrations in the Gram-negative CAPD effluents were cytokine production than infection with Gram-positive bacteria.
280±90 pg/ml, which makes approximately 560 ng per 2 l CAPD fluid floating intraperitoneally. In studies in Gram-positive and Gram-negative bacterial infections provoke similar immune responses regarding humans on the clinical and haemodynamic effects of human endotoxaemia, investigators have commonly cytokine release by activated inflammatory cells [15] . In infection with Gram-negative bacteria, the factor administered parenterally 2-4 ng/kg body weight, which has resulted in septic syndrome [25, 26 ] . inducing cytokine release has been shown to be bacterial endotoxin (LPS) [3] . Recent studies demon-Therefore it is astonishing, how little systemic reaction can be found in CAPD patients with dialysis-associated strated that the process of cellular activation by LPS requires the serum protein LBP and the CD14 antigen peritonitis. This finding might be due to the general reduction of the inflammatory responses in chronic on the monocyte/macrophage cell surface [5] . Binding of the LPS-LBP complex to the CD14 receptor induces renal failure.
Soluble CD14 is known to enhance the endothelial the release of inflammatory cytokines as TNF-a, IL1b and IL-6. LBP is synthesized in hepatocytes and cell response to LPS, leading to changes in permeability and adhesion [5] . However, soluble CD14 may also secreted constitutively into the peripheral blood stream [16 ] . Its synthesis is upregulated as part of the human exert inhibitory effects on the cellular immune response to LPS [6 ] . In vitro studies were able to show that acute-phase response and triggered by IL-1b, IL-6 and TNF-a [5, [16] [17] [18] . While the current knowledge on its addition of sCD14 decreased the LPS-induced TNF-a release by human monocytes/macrophages [7] . The function in Gram-negative bacterial infection (e.g. binding of LPS, presentation of endotoxin to the CD14 endotoxin-neutralizing capacity of sCD14 may protect cells from LPS-induced activation in the systemic receptor on immune cell surface, or potentiation of the LPS effects, restoring unresponsiveness to LPS) has inflammatory response syndrome. In fact, addition of recombinant sCD14 was shown to reduce mortality in become more extensive, the mechanisms by which Gram-positive bacteria provoke cellular immune septic mice [24] . On the other hand, in our study intraperitoneal sCD14 concentrations failed to exhibit response are not completely understood. Two cell-wall components from Gram-positive bacteria, lipoteichoic any significant differences between patients with bacterial infection and non-infected patients. acid and peptidoglycans, have been shown to induce the release of TNF-a, IL-1b and IL-6 from monocytes/ Previous studies have demonstrated increased levels of TNF-a, IL-6 and other cytokines in the peritoneal macrophages and have thus been implicated in the pathogenesis of septic shock [4, [20] [21] [22] .
dialysis effluent of patients with peritonitis [27] [28] [29] [30] . In the present study, cytokine production was assessed There is no information to date on whether LBP has any specific function in Gram-positive bacterial separately in patients with Gram-positive and Gramnegative/LPS-positive bacterial infection. Our data infection. Thus the significance of LBP detectable in the effluents of CAPD patients with Gram-positive indicate that Gram-negative/LPS-positive bacterial infection leads to a significantly higher release of the infection remains unclear so far. Whether LBP has a binding site specific for the Gram-positive cell wall proinflammatory cytokines TNF-a, IL-1b and IL-6 as compared with Gram-positive peritonitis. A hypothetcomponents lipoteichoic acids or peptidoglycans or whether it is secreted only as part of the acute-phase ical explanation of this finding is depicted schematically in Figure 1 . The presence of lipopolysaccharide and response, has yet to be elucidated by further studies. Unlike LPS, the activity of these molecules could not LBP, known to enhance LPS-mediated cytokine production in synergy with the presence of invading be enhanced by addition of LBP [21] . cell wall components peptidoglycan and lipoteichoic acid from Staphylococcus aureus act in synergy to cause shock and multiple 
